task (FPST) involving decisions to shoot or don't shoot Black or White males who were either holding a gun or another object. Participants were quicker and more accurate in correctly shooting when the armed individual was Black rather than White, but faster and more accurate in not shooting when the unarmed person was White rather than Black. While stereotypes have been shown to relate to the magnitude of racial bias displayed during the FPST (Correll et al., 2002; Correll, Urland, & Ito, 2006) , more proximal mechanisms explaining how these stereotypical associations translate into differential behavior toward Blacks and Whites are not fully understood.
The purpose of our study was to examine brain activity that correlated with racial differences in the FPST. We examined a number of different but not mutually exclusive putative cognitive processes that have been implicated in past functional magnetic resonance imaging (fMRI) studies of race perception and stereotyping. Of note, many prior studies employed relatively simple tasks and stimulus arrays. This has the advantage of minimizing influence from other factors and has resulted in the identification of several potential brain regions associated with stereotyping. At the same time, it is also critical to study situations in which race is but one of many cues affecting behavior to facilitate generalization to more complex real-world situations. Factors such as a multifaceted stimulus array, numerous cues that could influence behavior, and a generally high level of subject engagement make the FPST task well suited for this assessment. The requirement of a response to both armed and unarmed targets also allows us to examine race effects on both the detection of threat (indicated by making a shoot response to armed targets) and safety (indicated by making a don't shoot response to unarmed targets).
One focus of our investigation was on areas associated with response conflict detection and/or performance monitoring. Responding to threat tends to be the prepotent response in the FPST (e.g., participants are typically faster and more accurate in decisions to shoot than don't shoot), suggesting that response conflict is higher for unarmed than armed targets. Regions of the anterior cingulate cortex (ACC) are associated with response-related selection (Milham et al., 2001) , conflict detection (Nieuwenhuis, Yeung, Van Den Wildenberg, & Ridderinkhof, 2003; van Veen & Carter, 2002) , and inhibition of prepotent responses (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Swainson et al., 2003) , leading to the prediction of greater ACC activity to unarmed than armed targets in the FPST. Of particular interest in the present investigation is whether this response varies as a function of target race. Past studies investigating event-related potentials (ERPs) associated with conflict detection and thought to derive from the ACC have shown sensitivity to target race (Amodio, Devine, & Harmon-Jones, 2008; Amodio, Kubota, HarmonJones, & Devine, 2006; Bartholow, Henry, Lust, Saults, & Wood, 2012) . One study in particular recorded ERPs during the FPST, finding increased N200 responses-thought to be generated in the ACC (Niewenhuis et al., 2003) and reflective of conflict detection (Kopp, Rist, & Mattler, 1996; Liotti, Woldorff, Perez, & Mayberg, 2000; Yeung, Botvinick, & Cohen, 2004) -to unarmed Whites as compared to all other targets (i.e., armed Whites, unarmed Blacks, and armed Blacks) (Correll et al., 2006) . These findings suggest that race impacts behavior by modulating the degree of conflict signaled by Black and White targets. In this case, greater conflict was elicited by targets whose racial stereotype is most incongruent with the shoot response (i.e., unarmed Whites). A parallel result here would manifest as greater activation in the ACC to unarmed Whites than Blacks.
fMRI research on race perception also indicates a role for the amygdala-an area broadly associated with the detection of emotionally relevant stimuli (Anderson, Christoff, Panitz, De Rosa, & Gabrieli, 2003; Davis & Whalen, 2001; Phelps, 2006) -in the processing of threat based on racial stereotypes (Cunningham et al., 2004; Lieberman, Hariri, Jarcho, Eisenberger, & Bookheimer, 2005; Phelps et al., 2000; Richeson et al., 2003) . However, race differences in amygdala activity have typically been observed with relatively simple stimuli and tasks. Thus, it remains to be seen how the amygdala responds to targets of different races within the context of a more complex task that is itself motivationally engaging.
In addition to areas associated with behavioral control and motivation, areas involved in basic perceptual processes may be related to race perception. Past studies show biases in visual attention both to negative stimuli (Blanchette, 2006; Brosch & Sharma, 2005; Koster, Crombez, Van Damme, Verschuere, & De Houwer, 2004; LoBue, 2010; Öhman, Flykt, & Esteves, 2001 ) and stereotype-congruent stimuli (Eberhardt et al., 2004; von Hippel, Sekaquaptewa, & Vargas, 1995) , suggesting that threatening, racially stereotypical targets may preferentially attract visual attention (Correll, Wittenbrink, Crawford, & Sadler, 2015) . Additionally, prior research (Bean et al., 2012; Richeson & Trawalter, 2008) has shown that those high in intergroup anxiety show heightened attention to race, as assessed with a dot-probe task or via eyetracking measures. And critically, recent research (Ofan, Rubin, & Amodio, 2013 ) manipulated intergroup anxiety and found that those with greater intergroup social anxiety showed heightened racial outgroup face processing as indexed by the face-sensitive N170 ERP component. As such, it is possible that areas associated with visual attention will increase to armed Blacks as compared to Whites.
As can be seen, past research suggests a number of brain areas that may be affected by racial cues. In addition to the hypotheses about specific brain areas derived from extant research, we also examined relationships between brain activation and a behavioral measure of implicit racial bias. Prior studies show that racial bias in the FPST reflects operation of the racial stereotype linking young Black males to danger (Correll et al., 2002 (Correll et al., , 2007 . Because fMRI studies on race perception have shown differential amygdala activation due to implicit racial bias (Cunningham et al., 2004; Phelps et al., 2000) and because individuals high in implicit racial bias visually perceive Blacks as especially dangerous and threatening (Hugenberg & Bodenhausen, 2003) , we expected variability in amygdala activity to the most stereotypically threatening stimuli (armed Black targets) to relate to perceivers' implicit Black-danger associations. Finally, we also conducted exploratory functional connectivity analyses between brain areas showing significant racial modulation in our task to explore functional relationships among our obtained effects.
METHOD Participants
Seventeen right-handed undergraduates (13 White, 1 Asian, 1 Hispanic, 2 unknown; 9 female, mean age = 18.86) were recruited through fliers or web-based psychology participation programs available at the University of Colorado at Boulder. Informed consent was obtained, and participants were screened for no history of neurological insult, attention-related difficulties, and past psychiatric diagnoses or medication (all self-reported questionnaires). Individuals received monetary compensation for participation. Data from one participant (male) was omitted because of artifact due to a nonremovable earring, leaving a final sample of 16.
Procedure

First-person shooter task
Trials began with a 500 ms presentation of a background scene (e.g., office park, city street). A Black or White man holding either a handgun or similarly shaped object (e.g., wallet, cell phone) was then superimposed on the scene for 850 ms. From the participant's perspective, the individual seemed to appear on an unchanged background. The individual was then removed and the scene alone was shown for an additional 650 ms, for a total trial length of 2000 ms. Following past research (Correll et al., 2002) , participants had to respond within 850 ms of target onset and received rewards/penalties for correct/incorrect performance. Not shooting an unarmed target earned 5 points, but erroneous shooting cost 20. Shooting an armed target earned 10 points, but erroneously not shooting cost 40. The reward structure attempts to mirror the contingencies of a police officer wanting to avoid shooting innocent people, but suffering most by failing to neutralize a threat. Failure to respond within 850 ms resulted in a 10-point penalty. Experimental trials were preceded by 16 practice trials during which feedback was presented after every trial. During scanning, feedback indicating the cumulative point total and number of correct, incorrect, and too slow responses was presented for 3000 ms every 36 trials. Participants made shoot and don't-shoot responses with response pads below each index finger (response mapping varied across participants). Thirty trials of each of the four experimental trial types were presented in random order during scanning.
Implicit Association Test
After scanning, participants completed a computerized measure to assess implicit Black-danger associations known as the Implicit Association Test (IAT) (Dasgupta & Greenwald, 2001; Greenwald, McGhee, & Schwartz, 1998) . The task involves making speeded judgments about Black and White faces, as well as words associated with safety and danger. Participants completed multiple blocks of trials involving both Black/White faces and safety/danger words, making Black/White judgments whenever they saw a picture and safety/danger judgments whenever they saw a word. Differences in reaction time between blocks with a stereotypically congruent response mapping (e.g., Black and danger made with the same hand) versus a stereotypically incongruent response mapping (e.g., Black and safety made with the same hand) provided an IAT bias score or an indication of the degree to which they implicitly associate danger with Blacks versus Whites. IAT bias scores (D) were computed according to Greenwald, Nosek, and Banaji (2003) (see Supplementary material for a fuller description of the IAT procedure).
Image acquisition
Functional MRI was performed on a General Electric 3.0 Tesla whole-body MR scanner to acquire blood oxygenation level-dependent (BOLD) contrast using gradient echo T2*-weighted echo-planar imaging (repetition time (TR) = 3000 ms; echo time = 32 ms; 220 mm field of view, 64 × 64 matrix, 32 slices, 4-mm slice thickness, 0-mm slice gap; flip angle = 77°). Slices were oriented obliquely along the anterior commissureposterior commissure line. A total to 200 volumes were acquired in 10 minutes. The first four volumes from each run were discarded to allow the MRI signal to reach steady state. Additionally, two separate T1-weighted structural scans were acquired in each participant for subsequent anatomic localization: a T1-FLAIR scan with a spatial resolution of 0.86 × 1.14 × 4 mm 3 using the same slice orientation and thickness as the EPI images and another 3D image acquired coronally with a spatial resolution of 0.86 × 0.86 × 1.7 mm 3 . The display of the visual tasks was triggered by the transistor-transistor logic pulses generated in each TR on the MRI scanner to synchronize the timing of the tasks and fMRI data acquisition. Head movement was minimized using a custom-fitted head holder consisting of polyurethane foam beads inflated to tightly mold around the head and neck.
Image analysis
Image processing and data analysis were performed using the functional magnetic resonance imaging of the brain (FMRIB) software library package FSL (Analysis group, FMRIB, Oxford, UK, http:// www.fmrib.ox.ac.uk/fsl/). Standard preprocessing was applied: motion correction and FMRIB's linear registration tool (slice time correction/motion correction), BET (brain extraction), time-series prewhitening, registration and spatial normalization to the Montreal Neurological Institute (MNI) high-resolution 152-T1 template. Images were resampled into this space with 3-mm isotropic voxels and smoothed with a Gaussian kernel of 8-mm full-width at halfmaximum to minimize noise and residual differences in gyral anatomy, resulting in an effective spatial resolution of 10.2 × 10.7 × 11.5 mm. Each normalized image was band-pass filtered (high-pass filter = 40 sec) to remove high frequency noise. FMRIB's improved linear model was then applied from which statistical inferences were based on the theory of random Gaussian fields, and changes relative to the experimental conditions were modeled by convolution of single trial epochs with the canonical hemodynamic response function to approximate the activation patterns (Friston et al., 1994) . Using multiple regression analysis, statistical maps representing the association between the observed time series (i.e., BOLD signal) and one or a linear combination of regressors for each subject were constructed.
Functional connectivity
Exploratory seed-based functional connectivity was performed to examine coherence among all areas identified as showing significant race effects in our initial analyses. These were performed in the following manner: functional data were trimmed to remove 7 initial volumes, and a first FSL FEAT model was run applying motion correction and high-pass filtering. Then the first model's res4d and mean_func output were added together. From that output, FSL's fslmeants utility extracted the average time course over three brain masks: ventricles, white matter, and subject space whole brain, thresholded by fslmaths at 0.5 demeaned. A second FSL FEAT model was then run on the combined first model's res4d and mean_func output with the three demeaned time courses as explanatory variables (EVs). Subsequently, the res4d and mean_func outputs of the second model were added together, and FSL's fslmeants utility extracted the average demeaned time course over each of the contrasts of interest in subject space. Seed regions for whole brain functional connectivity were selected from peak activation of overall whole-brain analyses (see Supplementary Table 1) , with the addition of two masks defined by the Harvard-Oxford atlas: (1) bilateral amygdala (no activation in any contrast) and (2) intra-calcarine cortex (activation in both Unarmed greater than Armed and Black Armed greater than White Armed contrasts). Finally, a third FSL FEAT model was run on the combined res4d and mean_func output of the second model, with input EVs containing the masked demeaned condition time courses. After these three models were run per subject at the lower level, a higher-level group model was then run in FSL FEAT.
RESULTS
Following past research (e.g., Correll et al., 2002) , participants made relatively few errors (M = 1.28, 2%). Nonetheless, trials with incorrect responses were dropped from all behavioral and brain activation analyses.
Behavioral results
A 2 (Race: Black/White) × 2 (Weapon Presence: armed/ unarmed) ANOVA on log-transformed response latencies revealed the expected pattern of racial bias during the FPST. There was a main effect of Weapon Presence, F(1,15) = 272.45, p < .0001, indicating that participants were faster to make shoot (M = 532.82 ms) than don't shoot responses (M = 612.35 ms). This both replicates past research and supports the argument that, in this task, shooting is the prepotent response. More critically, the Race × Weapon Presence interaction was significant, F(1,15) = 18.44, p = .001, h p 2 = .55, indicating that participants were faster to shoot armed Black (M = 526.37 ms) than White targets (M = 539.27 ms), t (15) = 2.95, p = .01, h p 2 = .37, but faster to not shoot unarmed White (M = 606.66 ms) than Black targets (M = 618.04 ms), t(15) = 2.57, p < .03, η p 2 = .31 (see Figure 1 ).
Neuroimaging results
fMRI effects were assessed with theoretically motivated contrasts that mirror previous behavioral research on the FPST (Correll et al., 2002) to best gain insight into the neural and psychological mechanisms underlying race bias in decisions regarding threat. Statistically defined clusters were considered significant if they exceeded the specific voxel-wise threshold (p < .005) and consisted of at least the required number of contiguous voxels to correct for a whole-brain error rate at p < .05 as determined by FSL's cluster-based correction (see Supplementary Table 1) .
Effect of race on responses to unarmed targets
Past ERP research has yielded larger N200 ERP responses, thought to be generated by the ACC, to targets in which both the object being held and the cultural stereotype associated with the individual's race indicate low threat (i.e., unarmed Whites) (Correll et al., 2006) . Based on this past result and our a priori hypotheses that conflict detection and behavior regulation may differ as a function of race even when the targets are objectively equally harmless (i.e., they are unarmed), we first examined a contrast reflecting the effect of race on unarmed targets. Consistent with past ERP results, regions that yielded significantly greater activity to unarmed Whites than unarmed Blacks included a large medial frontal region spanning the bilateral ACC and presupplementary motor area (preSMA) and activation in the posterior cortex in the supramarginal gyrus (SMG) (see Figure 2 , panel 1).
Analysis of the inverse contrast of greater activity for unarmed targets who were Black versus White yielded no significant findings.
Effect of race on responses to armed targets
We similarly evaluated the effects of race on responses to targets that were threatening. Regions yielding greater activity for armed targets who were Black versus White included bilateral visual cortex (intra/supra-calcarine cortex, lingual gyrus), precuneus, and lateral occipital cortex along the intraparietal sulcus (IPS) (see Figure 2, panel 2) .
Analysis of the inverse contrast, which would indicate greater activity during decision-making for armed targets who were White versus Black, yielded no significant differences.
Effects of weapon presence
In addition to the more focused contrasts just reported-which isolate the effects of race within targets who are holding the same objects-we also computed contrasts that assess main effects of weapon presence and race. Starting first with the weapon presence contrast, regions showing significantly greater activity to unarmed than armed targets included bilateral visual cortex (intra/supra-calcarine cortex, lingual gyrus), a region spanning the bilateral ACC, and the preSMA and right opercular cortex (see Figure 2 targets of both races, but greater activation to Black armed than White armed targets.
We then identified brain regions yielding statistically greater activity to armed than unarmed targets. The only region passing significance in this contrast was localized to the right lateral parietal cortex (see Figure 2 , panel 5).
Effects of race
Neither contrast examining greater activity for Black than White targets or for White than Black targets yielded any significant effects.
Functional connectivity analyses
To assess whether any of the brain regions in the previous analyses elicited functional connectivity with other regions of the brain, we used seed-based functional connectivity. Results indicated that the visual cortex exhibited significant coherence with the amygdala, hippocampus, and ventral visual processing stream, but exclusively for the contrast of armed targets who were Black versus White (see Figure 3 , panel 1), and not for the reverse armed contrast or for either of the unarmed contrasts.
Next, because prior research has shown the amygdala to cohere with areas involved in motivational salience (e.g., Cunningham & Brosch, 2012; Vuilleumier & Brosch, 2009) , we examined functional connections between the amygdala and other regions performing the same analysis as above for all contrasts using the bilateral amygdala as a seed ROI. Analyses revealed that the amygdala exhibited significant functional coherence with the hippocampus, ventral visual processing stream, visual cortex (lingual gyrus), lateral parietal cortex, and caudate nucleus. Similar to the previous functional connectivity analysis, these relations were only significant for the contrast of armed targets who were Black versus White (see Figure 3 , panel 2).
Individual differences in implicit black-danger racial bias
Finally, we investigated whether individual differences in racial bias affected brain activity by including implicit Black-danger associations, as measured by the IAT, as a regressor in the general linear model. The regression analysis indicated that individuals who displayed greater implicit biases associating Blacks with violence and danger showed greater left amygdala activation. Again, this finding was only significant for the contrast of Black versus White armed targets (see Figure 3 , panels 3, and 4). 
DISCUSSION
The current study adopted a combination of behavioral and neuroscience approaches to study mechanisms underlying racial bias. Our goal was to build on past fMRI studies of race perception by employing a more complex decision-making task in which race was only one of several cues that could affect judgments, much like many real-world situations. Given the presence of stereotypes linking Black males and aggression and violence and the potential negative implications for such associations (Payne, 2006 ), we selected a task in which participants must differentiate between threatening (armed) and nonthreatening (unarmed) Black and White men. Behavioral analyses revealed a pattern of racial bias replicating past research (Correll et al., 2002 (Correll et al., , 2006 (Correll et al., , 2007 Sadler, Correll, Park, & Judd, 2012) : participants were faster to shoot armed Black than White targets, but faster in making don't shoot responses to unarmed White than Black targets. Most crucially, our fMRI results suggest that different brain regions or networks may underlie racial differences in responses to armed versus unarmed targets. In some cases, the activation patterns converge with past research, but in instances in which they diverge, we suggest that differences are informative about how race-related responses can deviate subtly depending on the nature of the task.
We observed greater ACC activity to unarmed Whites than Blacks, which suggests that racial differences in behavior toward unarmed individuals may be linked to this brain region. Without falling victim to reverse inference, we suggest that activation of the ACC could be due to a number of different processes that are suggested in the literature associated with the ACC. These processes include top-down attentional control (MacDonald, Cohen, Stenger, & Carter, 2000) , error detection (Ullsperger & Von Cramon, 2004) , response conflict (Milham et al., 2001) , and over-riding prepotent responses (Depue, Orr, Smolker, Naaz, & Banich, 2015) . While researchers have theorized that racial bias can derive from a failure to correct for the undesirable influences of negative and/or stereotypical associations (e.g., Payne, Shimizu, & Jacoby, 2005) , carefully designed future studies need to be conducted that parse out different processes associated with the ACC in racial bias contexts.
While race differences in response to unarmed targets manifested in the ACC, racial differences in responses to armed targets occurred within areas associated with basic visual perception. Specifically, activity was greater for armed Blacks than armed Whites in parietal and visual cortical regions. It is difficult to determine specifically what coactivation of these regions is reflecting in the current context. However, connections between the parietal and visual cortices are thought to direct attention to visual processing (Fink et al., 1996) . Indeed, Correll et al. (2015) suggests that attentional differences may drive racial differences to armed targets, with stereotypically dangerous Black men influencing visual processing resources to a greater extent than comparably dangerous White men. Furthermore, these results are in line with previous research showing that heightened intergroup anxiety facilitates visual attention to and processing of racial outgroup members (Bean et al., 2012; Ofan et al., 2013; Richeson & Trawalter, 2008) . More research is needed to more fully understand parietal-occipital interactions as they relate to attention and visual processes in the context of racial bias.
Other brain regions associated with racial differences of armed targets are suggested by the current connectivity analyses. We obtained functional relationships between the amygdala, and parietal and visual cortices, as well as the hippocampus and caudate nucleus, but only for decisions involving shoot responses to armed Black versus armed White targets. Upon first glance, it is somewhat surprising that we did not also observe heightened amygdala activity in the contrast assessing greater activation to armed Blacks than Whites. However, given that the task is attentionally demanding and each target stimulus is presumably high in motivational relevance, we observed significant amygdala activation in all conditions relative to baseline. This is not unlike previous fMRI studies on race perception that showed an absence of mean level differences between Black and White targets (e.g., Phelps et al., 2000) . This suggests that race may not show invariant effects on brain activation, but must instead be understood within the context of ongoing behavior. These findings indicate that the amygdala, which previous research has shown to be sensitive to social goals (Cunningham, Van Bavel, & Johnsen, 2008; Van Bavel, Packer, & Cunningham, 2008) , played a critical role in processing targets that are the most stereotypically threatening (armed Blacks).
In addition to showing differential race effects associated with armed and unarmed targets, our results show that activation was greater to unarmed versus armed targets in areas of bilateral visual cortex. This result may seem at odds with the greater visual activity to armed Blacks than Whites discussed earlier, but are sensible when considering that greater visual processing is typically required to detect the absence of a feature as opposed to its presence (Treisman & Souther, 1985) . The greater visual activity overall to unarmed than armed targets, regardless of race could reflect the greater difficulty in detecting the absence of a gun when the target is unarmed. At the same time, even in the presence of heightened visual activity associated with the absence of a feature, race impacts how armed targets are visually discriminated, with greater visual processing in the most stereotypically congruent condition (i.e., armed Blacks).
Finally, we observed a correlation between amygdala activity to armed Black relative to White targets and a measure of implicit racial bias associating Blacks with danger and violence: higher levels of implicit racial bias associating Blacks with danger and violence were associated with greater amygdala activity for armed Black, relative to White, targets. These findings are compatible with other studies that showed amygdala responses indicative of threat associated with automatic racial bias (Cunningham et al., 2004; Lieberman et al., 2005; Phelps et al., 2000; Richeson et al., 2003) .
Despite what we believe to be strong findings reported herein, we must also acknowledge certain limitations in the current study. First, our experimental design did not allow for the direct comparison of White perceivers to other racial groups. In the future, it will be important to understand whether similar effects are modulated in participants of other racial groups. Despite this shortcoming, we have reason to predict that these results would generalize to Black participants as well. First, Black participants cognitively encode skin tone differences in a similar manner as White participants (Maddox & Gray, 2002) and further characterize darker-skinned Black targets in more stereotypic terms than lighter-skinned Black targets. Similarly, because the shooter bias is based on the knowledge of cultural stereotypes, Black participants show equivalent levels of shooter bias to Black targets as White participants during the FPST (Correll et al., 2002) . Thus, pre-existing cultural associations present in Black and White participants in the United States likely shape neural processes that underlie these types of biases in a similar fashion. An additional shortcoming of the current study is that despite the FPST's complex nature in relation to typical experimental tasks that are intended to assess racial bias, it may not sufficiently represent the complexity of decision-making processes associated with life-threatening circumstances. Finally, while fMRI provides the best combination of spatial and temporal resolution of the brain in vivo, interpretation of the BOLD response is largely correlational and does not suggest a brain region is causal for any behavior or process.
Therefore, more research is needed to understand the neural mechanisms that contribute to racial bias and stereotypical behavior in real-world contexts involving threat.
In sum, these results highlight a number of different processes that may contribute to both a greater likelihood of treating Blacks as more dangerous and Whites as more safe among White perceivers. Decisions to shoot armed Black targets were associated with biased visual attention, involving the cooperation of the amygdala and the parietal and visual cortices, to a greater extent than for armed White targets and sensitivity of the amygdala to implicit stereotyping. By contrast, decisions to not shoot unarmed White targets were associated with greater cognitive control than for unarmed Black targets. We also note that while there were differences in activation comparing unarmed to armed targets in areas of visual cortex (collapsing across target race), there were no significant effects for contrasts comparing Blacks and Whites (collapsing across object). Instead, race effects manifested within the context of comparisons of just armed or just unarmed targets. This suggests to us the importance of understanding how race impacts processes such as attention, response conflict, over-riding prepotent responses, and motivational salience within the context of a perceiver's on-going goals and intentions. While engagement of these specific brain areas might be expected to vary with features of the particular task, we think the results highlight different ways in which stereotypical content can be translated into racial differences in behavior of relevance across contexts.
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